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1.0 SUMMARY AND PROGRESS

The tungsten bronze structural family offers a large number of crys-
tals for electro-optic and nonlinear optical applications. However, the cur-
rent work has mainly focused on the development of optical quality crystals/
films for the bronze Srl_xBabeZOG (SBN) system, Considerable progress has
been recently made in different areas including bulk crystal growth, film
growth and electro-optic characterization, as well as in phenomenological
modeling work. An overall view of the important activities of this project
and their interrelationship is shown in Fig, 1.

Several SBN:60 single crystals have been grown by the Czochralski
technique, and the quality of the crystals seems to be much improved by con-
trolling the pulling conditions with the use of an automatic diameter control
(ADC) system, It has been shown that the striations depend not only on the

! quality of the starting materials, but also on how the ADC system is used when
pulling these crystals. The SBN:60 and SBN:50 single crystals have now been
grown as large as 1-2 cm in diameter and about 4-5 cm in length. The primary
use of the SBN:50 single crystals is as substrate material for the propos:d
liquid phase epitaxial (LPE) growth work.

TR T

- We have successfully demonstrated the use of the LPE growth technique

é to develop thin films of Sro.sBao.sszo6 on SBN substrates. Although the rate
of crystallization along the (001) direction is much faster as compared to

i other orientations, growth is more difficult on (001)-plate SBN substrates due
to a slight mismatch in lattice constants. On the other hand, growth along
the (110) and (100) directions has been successful and the quality of the

films is much better, It is important to note that the electro-optic ra3

coefficient is also largest along the (100) direction.

Recent work on SBN:60 single crystals has shown a value for the
electro-optic coefficient, F51s of 80 x 10'12 m/V, a value significantly
greater than for SBN:75 (42 x 10712 m/V) which possesses an optimum value for

1
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3. This indicates that gy is compositionally dependent on the concentra-
tion of Ba2+, but in a manner opposite to the behavior of ra3e This could be
a significant result for the potential application of SBN crysta's in optical
switching and spatial light modulator devices.

Another important bronze system, Pbl_xBabezo6 (PBN), has been
selected for study in this work, This system exhibits a morphotropic phase
boundary at x = 0,37, and compositions near this point show exceptionally high
electro-optic and dielectric properties. Since bulk single crystal growth of
PBN is difficult due to volatilization of sz*, the LPE technique will be used
to develop this material for optical studies. At present, the flux system
Pb2V207-Pb0.68a0.4Nb206 is being developed for thin film growth.

Several of the more interesting tungsten bronze systems show morpho-
tropic phase boundaries which depend primarily on composition rather than on
temperature. Ceramic compositions adjacent to these boundaries show enhanced
electro-optic, pyroelectric, dielectric and electromechanical factors because
of the proximity in energy to the alternate ferroeletric structure, System-
atic work is in progress on the tungsten bronze systems BazNaNbsols-
SroNaNbg0, ¢ (BNN-SNN) and szKNb5°1s'BazNaNbs°15 (PKN-BNN) to establish their
dielectric, electro-optic and pyroelectric properties, Once this task has
been completed, a few compositions from each system will be further developed
for optical device applications,

3
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2.0 DEVELOPMENT OF TUNGSTEN BRONZE MATERTALS

2.1 Materials Growth Techniques

Since most of the bronze compositions grown in our laboratory are
based on solid solution systems, it is important that suitable growth tech-
niques be developed to produze crystals free of uvptical defects such as stria-
tions, scattering centers and twinning. Striations and other defects are
typical problems common to solid solution crystals, and it is often difficult
to suppress them completely. However, these problems can effectively be re-
duced such that the crystals can be useful for optical device studies. This
task is difficult; hence. the selection of appropriate growth technigues is
critical in the present work. At present, three different techniques have
been chosen to develop SBN and other bronze crystals. They are as follows:

e n
TR

1. Bulk Single Crystals: Czechralski technique.
2. Thin Films: Liquid phase epitaxy (LPE).
3. Strip Crystals: Edge defined film-fed technique.

The first two techniques are well established in our current work,
and bulk crystals and films of SBN compositions have already been grown. In
the present report, the growth of striation-free SBN crystals and films is
discussed with the associated growth problems.

2.2 Growth Procedure

NbyOg, SrC05 and BaCO; fine powders have been used as starting mate-
rials and weighed out in the desired proportions, as summarized in Table 1.
The batch mixture is ball-milled in acetone for 20-30 h, and then poured into
a large drying dish, The dried powder is placed in a platinum reaction dish
and calcined at 1000°C for 10-15 h to eliminate carbonates and any possible
carbon from the pyrolytic breakdown of residual acetone. The calcined powder
is then ball-milled again and refired in an oxygen flow of 2 cfh at 1400°C for

4
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Table 1
Materials for Bulk Single Crystal Growth Work

Crystal
Composition Starting Materials**

Remarks

SBN:60 a. Srco3 135.08 gms
b. BaCO; 115.45 gms

Cc. szos 398.73 gms
Total wt 649,26 gms

Total wt  450C.0 gms
used for growth

Congruent melting composition.

Large crystals can be produced
approximately 1" in diameter,

Used as host crystal, as well as
substrate material for LPE work.

Exhibits high electro-optic and
pyroelectric coefficients.

Melts at 1510°C and no
spattering observed.

SBN:50* a, 5rC0q 92.26 gns

b. BaCO3 123.34 gms
C. szos 332.27 gms

Total wt  547.87 gms
used for growth

Slightly off congruent melting
composition,

Large crystals are available,

Used as substrate material for
LPE work.

Modified crystals exhibit
excellent pyroelectric properties,

Melts at 1520°C

SBN:75 a. Srco3 166.05 gms
b. Baco3 73,98 gms
C. Nb205 399.00 gms
Total wt  639.03 gms

Total wt  450.0 gnms
used for growth

Exhibits highest electro-optic and
pyroelectric coefficients,

Used as substrate, as well as host
material,

Slightly off congruent melting
composition,

Melts at 1500°C.

(s

et o

* La3t doped SBN:50 crystals have also been grown.
** Chemical analysis of each starting material is given in an earlier report.

5
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about 4-6 h. Phase checks and x-ray lattice constant measurements are made
for each baich to ensure the use of a phase-pure bronze composition for crys-
tal growth. A thick-walled platinum crucible of 2 x 2 in, in dimension is

used for tnis growth, and this container holds roughly 450 g of melt
composition,

2.3 Growth of Tungsten Bronze Srl_xBabe20s Crystals

Table 2 gives a brief summary of our crystal growth effort on the
tungsten bronze ferroelectric Srl_xBabezos, x = 0,40 and 0,50, singie crys-
tals grown by the Czochralski tachnique, Since the growth of the SBN:75 com-
position was only recently initiated, Table 2 does not include growth data on
this crystal. However, the importance of this composition is discussed in
this section, Tadle 3 summarizes the ferroelectric, electro-optic and pyro-
electric characteriscics of SBN:60, SBN:50 and SBN:75. Using these crystals,
cne may formulate several! device applications; hence, their growth is very

| important, The results of these investigations are as follows:

5 SBN:50

This composition has mainly been select :d in the present study to be
used as substrate material for the LPE growth of bronze family compositions.

A s

The growth of this composition has already been reported by several research-
ers.1=3, Growth is rather difficult as compared to the congruent melting
composition, SBN:60, due to cracking of crystals when cycling through the

g, paraelectric/ferroelectric phase transition temperature; hence, the size of

; these crystals has been confined to 1 cm or less. We are present’ - ;tudying
% the cracking problems frr these crystals and have eliminated them to a large

6
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extent, enabling us to grow crystals ~ 1-1.5 cm in diameter. Figure 2 shows a

tynical 1.5 cm SBN:50 crystal pulled alony the (001) direction. La3*-modi fied
5BN:50 single crystx1s have also been developed and they show an exceptionally
high oyroelectric rc.ponse, making them potentially useful for uncooled infra-
red detector applications. Plans have been made to pull these crystals using
the ADC system so thau one may better control the diameter, thereby further

reducing crystal cracking.

IR A R PR ETEE

APl e, Rl e e
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Fig. 2 SBN:50 single crystal grown along the (001) direction.
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Table 3

Ferroelectric, Electro-Optic and Pyroelectric Properties
of the SBN System

Property SBN:75 SBN:60 SBN: 50*
Symmetry 4 m 4 mm 4 mm
Lattice Constant a=12.4578 a = 12,475%8 a = 12.482:

cC = 3.928A cC = 3.940A cC = 3.952A
Tc (°C) 56 72 125
Dielectric Constant €93 = 3400 €33 = 600 €33 = 500
at R,T.
Electro-Optic Coefficient r,, = 1400 faq = 420 ryq = 120
% 10-12 m/V 33 33 33
Pyroelactric Coefficient P = 2800 P = 880 P = 680*
C/cm2-K
Piezoelectric Coefficient d,, = - .

12 33 7 -- d33 = 130 d33 = 110
X 10 C/N d15 S - dls = 31 dls = 28
Electromechanical K33 8 oc K33 = 0.45 K33 = -
Coupling Constant Kig = -- Kig = 0.24 Kig = --

* pyroelectric coefficient for SBN:50 (La3+) = 1170

SBN:75

This composition exhibits the largest electro-optic (r33 =
1400 x 10‘12 m/V) and pyroelectric coefficients of any well-behaved oxide
material %+7 These features make this crystal potentially attractive for
future electro-optic, pyroelectric, photorefractive and millimeter wave appli-
cations. If and when this crystal composition becomes available in optical
quality, it will create a significant scientific impact in electro-optic and
other device research areas, The growth of this composition has recently been
initiated, and small crystals will be grown to identify problems associated

16,
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with Czochralski growth. Based on this work, necessary changes in growth pro-
cedures will be made to obtain good optical quality SBN:75 crystals.

SBN: 80

As discussed in a previous report,8 the single crystal growth tech-
nique of SBN:60 has been modified in order to improve the crystal quality and
thereby enhance its use for optical studies. Since SBN:60 is reported to be
the only congruent melting composition in SrNbZOG-Baszos system, the current
effort has mainly concentrated on this composition. It is now well estab-
lished that there are several factors that influence the quality and size of
bronze crystals. Hence, it is important that the necessary modifications be
made in our growth procedure from time to time. The changes made are as
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follows:

1. Use of higher purity starting materials to eliminate striations
caused by impurity ions, i.e., Fe3+ Ca2+ and Nat.
2. Eliminated the use of iridium crucible: no iridium
1 contamination.
3, Established pulling and rotation rates for SBN:60 crystals.
Effectively utilized the ADC system to minimize temperature

instability during growth.

Except for the last parameter, the necessary changes have been made
in our earlier growths, as discussed in detail in our last report. During the
last six months, considerable progress has been made in understanding tempera-
ture fluctuations and the application of the ADC system during growth, The
results of this work are discussed in the following section.

2.4 Growth of SBN:60 Crystals With ADC System

. The need for automatic diameter control (ADC) in growing SBN:60
single crystals arises mainly from the poor tnermal conductivity of the mate-
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rial, which causes great difficulty in maintaining a fixed crystal diameter by
set-point programming of the furnace power. It has been noticed that small
changes on the order of + 1° to 2° in the thermal environment near the growing
interface tend to continually upset the steady state heat flow through the
crystal, either increasing it to cause crystal widening or decreasing it to
cause crystal narrowing., Uniform crystal diameter implies unchanging melt
temperature near the interface, a necessary and important ingredient for pro-
ducing homogeneous, striae-free crystals, and this has been recently achieved
to a large extent in SBN crystais. As shown in Fig. 3, the striae pattern of
crystals sectioned and polished parallel to the growth axis (001) clearly show
that the growth under rapidly changing thermal conditions (left) contains
strong striae, then a transition zone occurs (center) as the crystal begins to
achieve constant diameter. In this section, striae tend to be weak. ADC is
engaged during at this point and, as growth continues, the system settles down
to constant diameter growth with striae absent, or nearly so (extreme right).
This is a significant accomplishment in this program, and it has successfully
shown that the ADC system can be effectivly used to maintain uniform crystal
diameter and thereby reduce or eliminate striations. Figure 4 shows a typical
1.5 cm diameter, 6-7 cm long SBN crystal grown along the (001) direction using
the ADC system, This is the first time such long and uniform diameter SBN:60
single crystals have been grown in this orogram.

A crucible-weighing ADC system has been installed for this task,
since the technology is well established and good equipment is commercially
available, The ADC system has been modified in the current arrangement, with
some furnace redesign necessary and electronically matched to the growth fur-
nace thermal time constant to achieve the smoothest possible changes in fur-
nace power to hold the growth interface conditions as steady as possible.

This has been accomplished over a period of many experiments. It has been
observed that the present system gives its best performance (achieving + 1°C)
when crystals are grown in large sizes of ~ 1 cm or larger in diameter. Below
this limit, the sensitivity of this system was found to be inadequate.
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Fig. 4 SBN:60 crystal grown along the [001] direction using the ADC system.
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Further improvements are underway to control interface conditions,
i.e., control temperature fluctuations to below + 1/2°C to produce even better
diameter control and hence more homogeneous crystals. We also plan to install
a crystal weighing ADC system which may be combined with pull rate diameter
control for improved control of the intervace shape and heat flow. An auto-
matic variable cross-section control will allow completely automatic widening
and tailing of crystals. Computer programming and control of all these func-
tions should lead to completely automatic growth of crystals from "seed on" to
decant.

In summary, the quality of SBN:60 single crystals has been dramati-
cally improved, and has created new interest and applications for this crys-
tal. What we plan to accomplish during the next six months is to show that
the growth process is reproducible, at least for small crystals, and the qual-
ity can be effectively controlled. For further improvement and reproduci-
bility, the following changes are planned:

° Improve centering of the radial gradient in the melt to further
reduce or eliminate striations and coring effects.

° Study the effects of the after-heater furnace on the radial and
axial gradients and the optimum pull rate.

° Reduce melt impurity level by selecting the highest quality
starting materials, specifically Nb,0g.

° The role of pull rate and rotation will he reinvestigated with
respect to the current upgraded growth process.

15
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3.0 LIQUID PHASE EPITAXIAL GROWTH OF BRONZE COMPOSITIONS

3.1 Introduction

The purpose of the liquid phise epitaxial (LPE) growth work is to
develop optical quality ferrolectric tungsten bronze family compositions that
possess high electro-optic, nonlinear optical, and piezoelectric properties
with a moderately low dielectric constant. We recently demonstrated the suc-
cessful growth of striation-free SBN:60 single crystals by the Czochralski
technique, and crystals as large as 1-2 cm in diameter have been produced.
However, we believe that this technique may not be adequate for other bronze
compositions such as BaZKNbSO15 (incongruent melting), Pbl-xBabe2°6’ and
Pb,KNbg0, ¢ (volatilization of Pb2+). In these instances, it is expected that
the LPE technique should play an important role in developing a wider variety
of ferroelectric bronze compositions for optical applications. Furthermore,
the ability of LPE to obtain a wide variety of films in a relatively short
time, compared with the time required to achieve suitable quality single crys-

tals, will enable us to greatly expand our knowledge of obtainable properties
in this class of families., Since large crystals of the bronze compositions
Sry_xBayNbs0g, x = 0,40 and 0.50, and BSKNN (ONR and NVL) are now available
from our current work, and the lattice mismatch between the selected crystals
and proposed compositions is minimal, we do not anticipate any major problem
in developing heteroepitaxial growth for several of these bronze compositions.
Although several compositions have been identified as potential candidates for
this work, the current research has been restricted to » few ferroelectric
systems, e.g., Srl_xBabe206 and Pbl_xBabe206. In the latter system, both
the orthorhombic and tetragonal tungsten bronze structures exist, which makes
this system potentially important for optical studies. The experimental work
on both systems 1s in progress and the initial results of these investigations
are discussed in the following sections,

16
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3.2 Summary on LPE Growth Experiments

As discussed in an earlier report, the LPE growth technique has been
successfully developed for the ferroelectric SrO.SBaO.SNDZOG composition using
BaVy0g solvent and Sr0.68a0_4Nb206 substrates. The liquidus temperature and
compositional boundary conditions for this composition were determined by
establishing the phase diagram for the pseudo-binary system BaV,0g-
SrO.SBaO.SNDZOG' Based on this work, a mixture containing 65 mole% Bav,0¢g and
35 mole% SrO.SBao.sszos was found to be suitable because: 1) the composition
of the resulting phase is close to Sry 4Ba; gNb,0g, and 2) the composition
melts at a relatively iow temperature (1000°C). Detailed information on ter-
nary and binary systems is provided in our earlier report.8

Initially, (001) oriented Sr0.68a0.4Nb205 substraies were used, and
the LPE process was established for this composition. Films as thick as 5-

35 um were easily grovn at about 1000°C. After cleaning the films in diluted
HC1 or HNO; acids, it was found that the films grown from the V5+-containing
flux were dark amber to yellow in color, indicating possible inclusion of v+,
The results of x-ray diffraction and other ferroelectric measurements ruled
out such a possibility due to a strong tetrahedral preference of the Vot
cation. The surfaces were smooth and clean, but showed a tendency towards
cracking after film removal from the growth furnace. This is believed to be
due to a slight mismatch between the film/substrate lattice constant, c. As
can be seen from Table 4, the mismatch for the other orientations such as

‘fi (100) is much less, and we found growth along the (100) and (110) directions

3 to be much more successful. Hence, substrates oriented along (100) and (110)
are being used for the present study. Once LPE growth is well established for

5 these orientations, growth on the (001) orientation will be continued. It is

E: interesting to note that the optimum electro-optic coefficient, r33, is also
observed® along the (100) direction of tetragonal tungsten bronze crystals,
and this could be a beneficial orientation for future electro-optic character-
jzation. However, for optical waveguides, one may need other orientations
such as (001).

17
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s Table 4
Structural Data For the SBN Substrate/Film
X-Ray Diffraction Data
Material (8,0,0) (10,0,0) (12,0,0)

CuKa) CuKay CuKa) CuKaz CuKa) CuKao

3 Substrate, 28 59.241 59.413 76.321 76.546 95.703 96.023
SBN:60 /1, 60.1 21.1 100.1 50,1 9.1 50.1
ai 12,4754 12.4784 12.4812
Film, 20 59.000 59.182 76,003 76.223 95.251 95.571
SBN:50* /1, 100.1 60.1 100.1 60.1 100.1 65.1
ai 12,501 12,503 12,500 12.5001 12.498 12.496
* Composition of film is slightly changed as compared to melt composition.
é Tentative composition is Sr0_4Ba0 6Nb206'
]

Although the crystallizatior rate for the SBN:60 composition is much
! faster along the (001) direction compared to the (100) and (110) orientations,
' the latter films are of better quality and films as thick as 10-25 um have
been easily grown, At present, efforts are being made to establish the in-
fluence of temperature variations and growth time on film thickness and compo-
sitional fluctuation. Although the growth of SBN films has been shown to be
successful, all of the experimental factors have not yet fully been identified
from the current work regarding the growth rate and tolerance factors for lat-
tice match/mismatch for each orientation. Future work includes these tasks
and also includes plans to grow other bronze compositions based on the
Pby_xBayNb,0g system.

3.3 Characterization of Films

_ Before films can be used for any device application study, it is im-
portant that their quality and ferroelectric properties be established using
x-ray diffraction and ferroelectric measurement techniques. During the last six
months, considerable progress has been made in these areas, The details of

18
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the x-ray diffraction measurements and poling techniques are discussed in the
following sections.

3.3.1 Structural Characterization

The crystallinity, composition and lattice constant, a, have been
established by x-ray diffraction measurements. Typical intensity vs epilayer
thickness plots are given for the reflections (800), (10,0,0) and (12,0,0) in
Fig. 5. Two peaks corresponding to Cuka; and Kap represent the SBN:60 sub-
strate, while the norinal SBN:50 epilayer position is denoted by CuKa'l and
Ke'p. The intensity of the epilayer reflection is slightly stronger than that
of the substrate, i1ndiceting a high degree of crystallinity and successful
deposition of the SBN laver on the SBN:60 substrate.

For determination of the composition of the thin filins, the lattice
constant a for film/substrate was carefully evaluated using Si as the internal
standard. A small amount of Si was placed with the film on a glass substrate
for the x-ray measurements, and as shown in Fig. 5, three reflections, namely
(8,0,0), (10,0,0) and (12,0,0), were carefully recorded. The resolution for
film and substrate peaks was excellent and reflections were accurately mea-
sured by scanning at 1/8°/min. The «.served 20 for each reflection are given
in Table 4. Using these values, the lattice constant, a, for film and sub-
strate are 12,5002 and 12.478&, respectively. By comparing the film a value
with the lattice constant for the Sr1.4Ba,Nbo0g system, it appears that the
film composition is close to Srg ggBag goNbp0g. The results clearly indicate
that the film composition is slightly changed from the melt with an increased

Balt concentration.

Since the films are grown from BaV,0g solvent, it is important that
the Ba:Sr ratio in the solvent be controlled. Based on the work by Lenzo
et a1,6 the composition Sr0.758a0.25Nb206 exhibits the highest electro-optic
and pyroeiectric coefficients; hence, it is important in the present work to
develop films close to this composition. As shown in the ternary diagram,
BaV,0g-SrNby0,-BaNb,0¢ (Fig. 6), the Srg.75B3g, 25NP20g phase is located at the

19
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8C84-25777
BaV20g

~ BaV20g - TYPE
SOL. SOLN.

sr1 .xBabeZOG
TUNGSTEN-BRONZE

Srib20g - TYPE TYPE-SOLID SOLUTION

SOL. SOLN.

BaNb,0

StNbyOg

Srg.5Bag,sNb20g

Fig. 6 The system BaVZOG-BaNbZOG-SrNbZOG in air at 1200°C.
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Sre*.rich end, and this suggests that for future LPE work it is desirable that
the films be grown from a sr2*_prich solvent. Work is in progress to develop
such compositions by controlling the melt in the following two ways:

1. Bal_xSPxVZOG-SFOJSBao.25Nb206, or
2. SrVZOG-Srl_xBabeZOG

The results of x-ray measurements on both these systems indicate the
existence of the tetragonal tungsten bronze phase. Houwever, the precise com-
positfon is noc yet fully established. Further x-ray work is underway to
establish the lattice constants and allow us to modify the melt composition
accordingly.

3.3.2 Poling

To obtain optimum data concerning piezoelectric, pyroelectric,
electro-optic, or even nonlinear optical properties of ferroelectric crystals,
it is necessary to work with single domain pieces. Therefore, it is important
in this work to prepare single domain SBN fiims for evaluation of their opti-
cal properties. Based on dielectric temperature dependence measurements on
SBN:60 single crystals, the ferroelectric transition temperature (T.) occurs
at 72°C; this information is absolutely required. The procedure for poling
used here consisted of heating the grown SBN single crystal to about 5°C below
T, with a dc field between 1-6 KV/cm along the c-axis of the sample for a
time corresponding to 1 h per cm length. The electrode materials used were
efther gold or platinum. It has been shown that an aporoximately 5.0 kV/cm
field is needed to obtain single domain SBN:60 single crystals. However,
poling becomes more difficult when crystals are used with different orienta-
tions. In tetragonal SBN crystals, the [001] directfon is polar, and poling
has been accomplished along this direction. Hence, this orientation has to be
maintained, at least in the plane, in order to pole crystals with other
orientations.
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In the case of (100) and (110) plates, the [001] axis lies in the
plane, and the poling field must be oriented along the length of the sample
(Fig. 7b). Electrodes were deposited on the ends of the samples with some
overlap (typically 1 mm) onto the major faces. Surface conductivity is a
major problem in this configuration because of the high poling voltages re-
quired, and hence, good surface preparation and cleanliness is essential,
These samples were successfully poled using the same procedure outlined above,
but at a slightly higher field (7.5-8.0 kV/cm).

The poling of (100) and (111) plates is a significant accomplishment
in this work, The next task will be to apply this technique to (100) oriented
substrates with epilayer films having a Curie point much higher than that of
the substrate. Although the most effective (and nondestructive) poling proce-
dure under these circumstances is not presently known, it is anticipated that
poling will be achieved by raising the temperature to the Curie point of the
film, and then slowly cooling while maintaining a high voltage dc field. This
procedure should result in a simultaneously poled film/substrate. Initial
research into this probem is now in progress.

3.4 The Tungsten Bronze Pb,  Ba Nb,0c

The ferroelectric Pbl-xBabeZOB system is considered to be promising
for use in various device applications, e.g., pyroelectric, electro-optic
piezoelectric, etc. It has also been shown thermodynamically using Landau:
Ginsburg:Devenshire (LGD) phenomenology and experimentally confirmed for tung-
sten bronze PBN, that PBN and possibly many other tetragonal bronzes can have
very high electro-optic coefficients and piezoelectric properties. Further-
more, it has also been observed that a crossover between 6, and 04 is found to
occur in the Pbl-xBabeZOB solid solution family for compositions in the
vicinity x = 0.37. As shown in Fig. 8, ne<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>